cousins, since such marriages increase the probability for heterozygotes to come together, first-cousins having one-eighth of their genes in common.
Furthermore, Garrod's clarifying discussions with biologists, for instance with Bateson, in these early days of rediscovery of the Mendelian laws do not lessen the greatness of Garrod's pioneer work; in fact the contrary is the case. It is Garrod's sharp observations combined with his theoretical reasoning that solved the puzzle and his concept of inborn errors of metabolism in this connexion was far ahead of his time. After Garrod many British clinicians have carried the fine tradition in human genetics further, and in ophthalmology, which has contributed so much to human genetics, in our day Sorsby has an intemational leading position as a clinical geneticist.
The German physician Weinberg (1920, p. 40) seems to have been the first to deduce a correct formula for the relation between the prevalence of first-cousin marriages between the parents of recessive affected individuals (k), the prevalence of a recessive gene (r) , and the prevalence of first-cousin marriages in the general population (c):
c(l-r) + 16r' a formula applicable on the assumption of panmixia, i.e. mating at random. Later on Dahlberg (1929) made the same deduction of the relation between the three variables.
It is difficult to say to what degree 'mating at random', with regard to first-cousin marriages, occurs in human populations. Social factors of different kinds certainly interfere. The prevalence of such marriages seems to vary in European countries, usually between 0 5 and 2O' roughly. The minimum estimate for England of 0-610' made by Julia Bell (1940) is reasonable. The critical argument by Dahlberg (1943, p. 89) that the value is too high because it was obtained from patients treated in hospitals does not seem to be valid. The estimate was made on large general hospital populations, and one must agree with Bell that it is safe to conclude that her figure is an underestimate of the rate for the country as a whole. She gives several reasons for this, one being that hospitals with chronic patients where we can expect to find hereditary cases are not included in the study. Of interest is the fact that the rate for London hospital population was 0-65% first-cousin marriages. In Sweden some investigations from different parts of the country have been published, indicating direct estimates above 1 0/'. On the basis of investigations of three different, rare recessive diseases, Sjogren (1931 ), Alstrom and Olson (1957 ), and Hallgren (1959 , using Weinberg's formula, came independently to an indirect estimate of about 1.500 firstcousin marriages as an average for the whole population of Sweden. All three diseases are scattered over the whole country, with somewhat different prevalences in different areas, and it is of interest to notice the good agreement when using Weinberg's formula.
For Switzerland, Ammann, Klein, and Bohringer Carl Henry Alstrom (1961) have given a rate of 2% for consanguineous marriages (presumably first-cousin marriages). In an area including 5 cantons they found the prevalance of 'degenerescence pigmentaire de la retine du type recessif autosomique' to be 14-8 in 100,000. The authors are using an approximation of Weinberg's formula:
given by Dahlberg (1948, p. 63 If, however, the factual rate of first-cousin marriages in the general population in Switzerland is about 1 O, the authors observed an increased rate of such marriages against the calculated rate among the parents of their probands-9 9% against 5-9% which may indicate that their material is heterogeneous. The high prevalence of the recessive affected which they report (not less than 14 8 in 100,000) may also indicate that their material could be heterogeneous.
Broadly speaking it seems, however, as if Weinberg's formula is useful. One conclusion from the population-genetical viewpoint is that panmixia may be presumed to exist in many, perhaps most, European countries. In some countries, however, the first-cousin marriage rate is extremely low in the general population. This seems to be the case in Finland, where in two interesting investigations of rare, recessive diseases, Norio (1966) and later Nuutila (1968) (Alstrom, 1958) .
Under the assumption of panmixia, i.e. mating at random in a numerically stable population, Dahlberg (1929) (Alstrom, 1958, p. 328 At that time no effective birth control existed, especially in this pronounced rural area. The family groups in generation I with 2, 3, and 4 to 6 grown-up children with fertile marriages are very similar with regard to length of marriage. In about 90% the marriages lasted more than 10 years in all 3 groups, so a difference in this respect cannot reasonably explain the differential viability in the family groups expressed in the different numbers of offspring. The length of the marriage, however, may play a part in the family groups with only one child and especially in the group with none (see the Table) . It cannot, however, be the only or even the main factor, because in the former group not less than about three-quarters of the marriages lasted more than 6 years and in more than half the cases more than 10 years. In the family group of generation I with no offspring about half of the marriages lasted more than 6 years and in about one-third more than 10 years. If the last group is divided in two, one with offspring but not of the defined type and another with no offspring at all, in both cases about one-third of the marriages lasted more than 10 years.
The differential viability in the families expressed in the different numbers of defined offspring is difficult to explain. Several factors may be operative and some of them may be genetic in nature. Conditions of nutrition may interact, but the population was homogeneous economically. Venereal diseases were at that time widespread in the population, but we are dealing here with a very stable rural population.
One objection to the calculations above might be that the family group with no offspring with defined Figure, and of the third generation, must be made before any certain conclusions can be made. If the tendency is a random one, an oscillation back again in the following generations may be expected.
Material for such an analysis is under collection and investigation. Summary That patients with rare recessive diseases are, in a high proportion of cases, offspring of cousin marriages has been known since the early days of clinical genetics. Weinberg deduced a formula for the relation between the prevalence of a recessive disease and the first-cousin marriage rates among the parents of the affected compared with those in the general population. Weinberg's formula has proved to have useful applications, but due attention must be paid to the fact that the cousin marriage rate may be different in different areas, even in the same country.
For measuring the isolate size in human populations, Dahlberg proposed using simply the firstcousin marriage rate in the general population, but for several reasons this has not proved to be successful. The main isolating factor is distance, and a method using this has been elaborated by Wright, and proved to be very successful.
The fertility for the years 1800-1825 has been studied for a Swedish subpopulation of isolate type. It was found that 5500 of the second generation came from only 260, of the first generation.
